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Intravascular ultmsound (IVUS). P £^L 

men and plaque, offers mepotenhal to '"-P^ 
limitations of angiography for the assessment of jhr nat- 
ural history of atherosclerosis and progression or re- 
pression of me disease. To facilitate measurements and 
h^ease the reproducibility of quanrttatrve IVUS analy- 
^ D computarired contour detection 
vek»ed mat detects both the luminal and external v«*el 
SScries in dimensional sets of IVUS 
idate this system, amerosderohc human ^™»VJ** 
3s [n =13) with on area obstruchon -40%(40%to 
61%) were studied in vitro by IVUS. The 
IVUS measurements (areas and volumes) of me lumen, 
total vessel, plaque-media comp ex, and percent ob- 
Suction v^TcSnpared findings by ^nual ^oc- 
ing of the IVUS images and of the corresponding histo 
logic cross sections obtained at 2-mm increments (n - 
1001. Both area and volume measurements by the con- 

Tbe natural history and progression or regression 
of coronary atherosclerosis after pharmacologic 
and nonpharmacologic interventions have most often 
been assessed by quantitative coronary angiogm- 
ohv '" 3 However, the quantitative angiographic «p- 
PnLh permits only the assessment of the luminal 
Smouet^ 4 and indirect estimation of plaque burden. 
to a result of vessel remodeling, early atheroscle- 
rosis remains angiographically undetected until lu- 
minal encroachment starts and plaque .° c c"Pi« ap- 
proximately 40% of the interna J^"*^*KS 
krejL 3 Intravascular ultrasound (IVUS) depicts both 
coronary lumen and vessel wall; measurements can 
S obSned by manually tracing the luminal and ex- 



tour detection system agreed well with the "^ob- 
tained by manual tradng, showing low , me ?r 
merd^dMerencos 1-3.7% * DJJT w-h ST* n<* 
exceeding 6% and high correk*an coeffiaenMr -097 
lo 0 99). Measurements of the lumen, toW vessel. 

vobmeslr = 0.98, 0.91, 0.83. and 0.91). Sy^nahc de- 
ferences between the results by ^cm^detec^n sys- 
tem and histomorpbometry 129%, ^ ~ ^ «~ 
-22%. respectively) were found, mosttkely r**«*"9 
from shrinkage during tissue hxat^.^ re^Js of rtm 
rtudy indicate that this computerued IVUS 
tern is reliable for the assessment of coronary aflwosde- 
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(Am J Cardiol 1996;78:1202-1209) 



rosis in vivo. 
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temal vascular boundaries- 6 -' To reduce the time and 
SbjcctM* of manual tracing,' automate^ysterns 
for quantitative analysis in 3^iroen S ional TVUS im- 
aJ^U have been developed.-" As ^available 
systems detect only the lumen, we developed a con- 
STSUkm algonthrn that ^detects ^tetanmg 
and external vascular boundaries 
coronary arteries in 3-dimensional IVUS image 
sets ,5 - l *This approach allows tbe quantification of 
all IVUS images and permits even volumetric as- 
sessment which has recently be«n advened as a 
valuable concept in research and clinical prac- 
tice 17-20 To validate this contour detection algo- 
rithm, atherosclerotic human coronan 
obtained postmortem or from heart transplant re- 
cipients at transplantation were studied with IVUS . 
Results by the IVUS contour detection system 
were compared with measurements obtained from 
manual tracing of the IVUS images and of the cor- 
responding histologic sections. 

METHODS. 

Humor, coronary specimens: Thirteen coronary ar- 
teries (6 right coronary [RCA], 6 left anterior de- 
Sing [LAD), and Heft circumflex [LCX]) with 
stgment of mild to moderate atherosclerosis were 
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FIGURE I. The in vitro setup. The ultrasound catheter is advanced through the 
catheter dispkmrnenMenung device toward the pressurized coronary spectmon. 
A needle att ac hed di$ta4iy to the artery if used as a reference. The position of the 
catheter tip in relation to the needle is measured (step six* 0.1 mm). 




FIGURE 2. Computerized intravascular umxnound (TVUS) contour 
detection. Two perpendkuiar planes running (onpjtudinoflv along 
the axis of the artery an used to reconstruct 2 toitgxtudina I sec- 
tions from the entire sequence of digitized IVUS images. The po- 
sition and rotation angle of the 2 cut planes can be interactively 
changed to obtain an optimal represernafton of the coronary 
segment Consecutively, the longitudinal contours are outoroofi"~ 
cafiy det e c t e d in these 2 secti on s and, if required, interactive cor- 
rections may be performed. The lor^rrudinal contours intersecting 
me planes or the transverse images are represented as edge 
points, guiding the final automated contour detection in the 
aoss-tetfiortoJrVUS images by defining the center and the range 
of the bourtdcury-seorching process. 



explanted postmortem (n = 6) and 
post-transplantation (n = 4) from the 
hearts of 10 patients (7 men, 3 women) 
with a median age of SI years (range 
39 to 55). Segments with ^1 major 
side branch were included in the study. 
The investigation was approved by the 
Local Council on Human Research- 
In vitro study protocol: For in vitro 
studies the side branches of the cor- 
onary specimen were lxgated and the 
proximal and distal ends were con- 
nected to sheaths fixed in a water- 
bath at 20°C. A distal reference seg- 
ment was indicated using a needle. 
The arteries were pressurized at 100 
mm Hg by a water reservoir con- 
nected to the sidearm of the proximal 
sheath (Figure 1). The IVUS exam- 
ination of the pressurized specimen 
was performed with a mechanical 
30-MHz imaging system (Du-MED, 
Rotterdam, The Netherlands). The IVUS catheter 
displacement-sensing device of the Thoraxcenter 
Rotterdam, which was previously described and 
applied, 21 was used to monitor the displacement 
of the ultrasound catheter tip in steps of 0-1 mm, 
using the distal needle as the reference. Distance 
information and IVUS images were automatically 
mixed and recorded on videotape. This was used 
as the source for further analyses by the IVUS 
contour detection system and by manual tracing. 

Histologic preparation: The coronary arteries 
were fixed under pressure (100 mm Hg) in 10% 
buffered formalin for 2 hours and subsequently 
decalcified in a standard RDO solution (Apex 
Inc., Plainfield, Illinois) for 5 hours. The arteries 
were then processed for routine paraffin embed- 
ding. The site of the reference needle was marked 
using india ink. The S-^ni-thick transverse sec- 
tions were cut at 2-mm intervals perpendicular to 
the long axis of each specimen, resulting in a total 
of 100 histologic sections. Staining of the histo- 
logic sections was performed with the elastic van 
Gieson technique. Matching between the IVUS 
images and the histologic sections was achieved 
by use of the distance information provided by the 
displacement-sensing device. Anatomic markers 
such as side branches or spots of calcium were 
used to confirm precise matching. 

Computerized intravascular ultrasound contour detec- 
tion tystem: The analysis program uses the Micro- 
soft Windows operating system on a Pentium (60 
MHz) personal computer with 16 Mbytes of inter- 
nal RAM. A frame-grabber (DT-3852; resolution: 
800 X 600 X 8 bits) digitizes a user-defined region 
of interest from a maximum of 200 IVUS images- 
While a version for clinical application makes use 
of a motorized pull-back device and digitizes the 
IVUS images automatically, 16 selection and digi- 
tization of the present in vitro IVUS images was 
performed by manually choosing the appropriate 
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Area (All frames) 



cent urs facilitate the automated 
contour detection on the cross- 
sectional IVUS images by defin- 
ing the center and the range of 
the boundary-searching process 
(Figure 2). The position of an in- 
dividual cross-s ctional IV us 
image in the longitudinal sec^ 
tions is indicated by a horizontal 
cursor line which can be used to 
scroll through the entire series of 
transverse IVUS images. The de- 
tected contours are checked by 
the analyst, and corrections can 
be performed by simply pointing 
with the computer mouse on the 
correct site and redetecting the 
contours, using this additional 
edge information. Corrections 
are required particularly in im- 
ages of lower quality and in rapid 
contour transitions. Whenever 
the contour of a single slice has 
been corrected and redetected, 
the entire data set is updated. As 
the analysis is performed in a 3* 
dimensional image seU coronary 
segments can be displayed in a 
cylindrical format (Figure 3), al- 
though this option is not required 
for the purpose of quantification. 

minimum-cost algorithm: De- 
tection of the intimal leading 
edge and external boundary of 
the vessel within each image 
slice is accomplished with the ap- 
plication of a minimum-cost al- 
gorithm, previously applied to 
single cross-sectional IVUS im- 
ages. With this approach the di- 
gitized IVUS images are resam- 
pled according to a radial image 
reconstruction (64 radii in the 
cross-sectional images). A cost 
matrix that represents the edge 
strength is calculated from the 
image data. For contour detection 
of the boundary between lumen 
— . 5rrtmasal lor uW»m<i OVUS) contour <k*ecfio« and plaque, the cost value is de- 

■ r~ 7 ,f tT^f^^ lonsitodinal ivus fined by the spatial first denva- 

in vitro. A horu^ ^ l£&-y deletion on tlve . To detect the external 

" ctk * w A . an4 \ l& An^l^H^ *>^""" boundary contour of the vessel, a 

paSe^matching process by 

^nTnSjo^ cross correlation is adopted for 

the cost calculations. Through 

S^P^ cm which rcpr^ntslHj ^ cost matrixes a path with the 

I^S^oi^ smallest accumulated valu isde- 

jJ^X . termined by dynamic program- 

images using the distance information J^<g nd ^j^^SS^m Volumes of lumen, total 
Se latheter hnjges plaque _ mcdi a complex were calcu- 

were selected and digitized every 0-2 mm. i ne ai v** . 
g virhmt based on the concept that longitudinal lated as. 
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TABU? 1 Measurements and Belween-Method Differences* 






« 


IVUS (CD) IVUS (MA) HI5TO 


A [C[>MAJ 


A (CD-WSTO) 





Area 
lunwn (nun 2 ) 
Tola] vessel (mm 2 ) 
Pipqm- inertin (mm 3 ) 
% area obstrvcKon 

Volume 
lum«n (mm 3 } 
Total veuei |mm') 
Plaque-media (mm*) 
% volume obstruction 



13 4 

21.0 
7 6 
36.8 

205.9 
322.8 
116.8 
36.9 



3 6 
4.6 
2.0 
7.6 



13.4 
21.3 
7.9 
37.6 



3.7 
4.7* 
2.1* 
6.0' 



10.0 
18.2 
8.2 
45.3 



70.4 2055 

92.4 327.5 

28.8 122.1 

6.4 37.8 



69 6 153.1 
94,8* 179.1 
33.3' " 126.1 
6.7 1 45.3 



2.4* 
3.0* 
1.9* 
8.1* 

46.7* 
71 -8* 
34.1 
7A % 



0.1 ±0.3 (0.3 ± 2,3%| 
0.3 r 0.4 (-1,1 ±2.0%) 
-0 4 ±0.5 (-3.1 2:6.2%) 
-0.8 ± 1,8 {-2.0 ± 4.8%) 

0,5 ± 1 .9 (0.2 ± 0.9%} 
-4.8 ±5,8 (-14 ± 1.5%| 
-5.3 x 6.5 (-3.7 ± 4.3%) 
-0-9 ± t.l (-2.4 ±2.9%) 



3.4 
2.8 
-06 
-8.5 

52.8 
43.5 

-9.3 

-e.4 



1 .6 (28.6 ± 9.5%) 
2.4(13.5 - 10.2%) 
1.2 (-8-6 ± 18.0%) 
4.1 (-22.1 ± 12.5%) 



26,2 (28.3 
35.5 [13.7 
14.2 [-6.8 
3.1 (-20.5 



7.2%) 
9.2%J 
14.2%) 
7.6%) 



* All values am moan valutt ± SO. 

1 p <0 05; 1 p <0 0001 , for eo<npor»ion witH th« r«iute obtoirwd by CD. ^ - nM 



where V ~ volume; A = area of lumen, total vessel, 
or plaque in a certain digitized cross-sectional ultra- 
sound image; H - thickness of the coronary artery 
slice represented by this digital cross-sectional IVUS 
image; and n = number of digitized cross-sectional 
IVUS images encompassing the volume to be mea- 
sured. 1 , 

Monuoi iittrovaseular ultrasound analysis: On the 

cross-sectional IVUS images that correspond to the 
histologic sections, a manual tracing of the lumen 
and the external vessel borders was performed by 
another independent investigator. This individual 
was experienced in the manual IVUS analysis, but 
did not have knowledge of the results of the com- 
puterized analysis. Volumetric data were obtained by 

Simpson's rule. 

Htrtomorphometrk analysis: The histomorphome- 

try was performed with an IBAS 2000 image anal- 
ysis system (Komran, Eching, Germany) that al- 
lowed manual contour tracing of the luminal contour 
and the external elastic membrane on digitized mi- 
croscopic images (magnification X12.5; pixel size: 
0.8262 x 1CT 4 mm) and provided area measure- 
ments. Volumetric data were obtained using Simp- 
son's rule. . , „ 0 
Data analysis: The quantitative results by all 5 

methods included: 

• Cross-sectional area of the lumen (mm ) 

• Cross-Sectional area of the total vessel (mm ) 

• Cross-sectional area of the plaque-media com- 
plex (total vessel area - lumen area) (mm ) 

• Percent area obstruction (plaque-media com- 
plex area ^ total vessel area) (%) 

• Volume of the lumen (mm 3 ) 

• Volume of the total vessel (mm 3 ) 

• Volume of the plaque -media complex (total 
vessel volume — lumen volume) (turn ) 

• Percent volume obstruction (plaque-media 
complex volume + total vessel volume) (%). 

Statistical analysis: Results arc given as mean ± 
1 SD. According to Bland and Altman, 23 the agree- 
ment between the computerized IVUS contour de- 



tection and the manual IVUS measurements and 
between the computerized IVUS analysis and the 
histomorphometric measurements were assessed 
by determining the mean ± SD of the between- 
method differences. Differences were analyzed 
with the 2-tailed Student t test for paired data anal- 
ysis. Linear regression analysis was performed to 
assess the strength of the relation between the 
methods, p values <0.05 were considered statis- 
tically significant. 

RESULTS . i j j . u . 

The coronary segments included in the study 
were 15.4 ± 2.8 mm long (14 to 22 mm) and all 
specimens had a maximum percent area obstruction 
>40% (47% ± 7%; range 40% to 61%) as measured 
by the computerized IVUS analysis system. The 
minimum percent area obstruction was 29% ± 5% 
(range 21% to 35%). Complete volumetric analysis 
by the computerized contour detection system (77 ± 
14 images) required significantly less time compared 
with pure manual contour tracing (19 ± 4 minutes 
vs 121 ± 26 minutes; p <0.000l). The results of the 
computerized IVUS contour detection, manual trac- 
ing on the IVUS images, and histomorphometry are 
presented in Table 1. m 

Contour detection versus manual tracing: The mea- 
surements of the lumen, total vessel, plaque-media 
complex, and percent obstruction by the conmuter- 
ized IVUS contour detection system differed htue 
from the results obtained by manual tracing: The be- 
tween-raethod differences (contour detection-man- 
ual tracing) were 0.3% ± 2.5%, -Ll% ± 2.0%, 
-3 1% + 62%, and -2.0% ± 4.8% for the area 
measurements, and 0.2% - 0.85%, -1.4% ± 1.5%, 
-3.7% ± 4.3%, and -2.4% ± 2.9% for the volume 
measurements, respectively. Correlations between 
the area (r - 0.97 to 0.99) and volume (r ^ 0.99) 
measurements obtained by both methods were high 
(Figures 4 and 5). 

Contour defection versus Msfomorphomelry: Mea- 
surements of the plaque-media complex and percent 
obstruction by the contour detection system were 
lower (p <0.000 1) than by histomorphometry (Table 
I), whereas the measurements of the lumen and total 
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FIGURE 4. Correlations be- 
tween the area meawre* 
mends. Ttm rewtfc of linear 
regrwttion analyses arc 
displayed, comparing tfm 
mea wi n n te of the lu- 
men, total wueL plaque— 
media complex, and per 
cent area obstruction pro- 
vided by the computerized 
intravascular ultrasound 
(IVU5) contour detection 
(CD) i n etli ud and manual 
tracing {MA] an nV IVUS 
images (right pmdif, and 
morphometry on 4* histo- 
logic sections flcft pan*U). 



vessel dimensions by the IVUS contour detection 
system were significantly higher than the histomor- 
phometric results (p <0.0001). The between-method 
differences (contour detection vs histomorphometry) 
of the lumen, total vessel, plaque -media complex, 
and percent obstruction were 29% ± 10%, 14% ± 
10%, -9% ± 18%, and -22% ± 13% for area mea- 
surements, "and 28% ± 7%, 14% ± 9%, -7% i 
14%, and -21% ± 8% for volumetric measure- 
ments, .respectively. High correlations (Figures 4 and 
5) were found for the area (r = 0.80 to 0.94) and 
volume (r - 0-83 to 0.98) measurements by* both 
methods. 

DISCUSSION 

In the present study histomorphometric vali- 
dation of a computerized IVUS analysis system 



was performed by comparing the results obtained 
by the computerized IVUS analysis system both 
with the measurements made by manual contour 
tracing of the IVUS images and with the corre- 
sponding histomorphometric results. The key 
findings of this study are that (1) the computerized 
IVUS measurements of areas and volumes are in 
excellent agreement with the measurements ob- 
tained by manual tracing on the IVUS images, and 
(2) there is a good correlation betweeen measure- 
ments obtained from the computerized IVUS 
analysis and histomorphometry. The good corre- 
lation between the results provided by the IVUS 
contour analysis system and histomorphometry 
demonstrates the reliability of the computerized 
approach in performing both area and volume 
measurements. 
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HGURE 5* Correlation* be tween the volumetric meosumm^nt*. Tb# results of linear regmttton analyses are displayed, comparing fho 
measurement*' of Hie lumen, totoJ votse!, piuque— medio complnx, and pnrcenf volume obstruction provided by the computerized con- 
tour d ote cnort (CD} method and manual tracing (MA) on the intravascular ultrasound (IVUS) images Irighi pcmeh), and mor phometry 
on the histologic sections (Jeff pane/* J. 



Previous ttudies: The high correlations between 
measurements on the cross-sectional IVUS im- 
ages and the corresponding histologic sections 
observed in the present study are in concordance 
with previous observations of Potkin et al, 24 who 
found correlation coefficients of 0.94, 0.85, and 
0.84 for total vessel area, lumen area, and percent 
area obstruction. The measurements by IVUS 
were smaller for the lumen and larger for the total 
vessel area. 24 The effect of tissue shrinkage 25 and 
different modalities of tissue fixation and prcs- 
surization may account for the differences from 
previous observations 6 - 19 which showed a larger 



lumen area by IVUS than by histomorphometry. 
To date only 1 study comparing true volumetric 
IVUS measurements and histomorphometry has 
been reported- 26 Excellent correlations between 
the computerized threshold-based IVUS analysis 
of the lumen volume in vivo and measurements 
based on both manual tracing and histomorphom- 
etry were found (r =* 0.97 for both), confirming, 
the results of the present study (r 0.99 and 0.98,. 
respectively). Comparable data on the total vessel 
and plaque— media volume were not available, as 
this threshold-based method was able to detect 
only the lumen. 
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Sonka et al 27 devised an alternative approach of 
contour detection that performs a computerized de- 
tection of both the intimal leading edge and the ex- 
ternal vessel boundary in IVUS image sequences. 
In contrast to our analysis system, the automated 
contour detection on the cross-sectional images is 
performed without guidance from the additional in- 
formation provided by contour detection on longi- 
tudinally reconstructed rVUS images. 13 In their 
study, the correlation between automatic and manual 
contour tracing on the IVUS images in vitro was 
good 37 (r = 0.9 1 and 0-83 for lumen and plaque area, 
respectively), but slightly lower than the correlation 
observed in our study. 

Study fimiiatioRs: On IVUS images the external 
vessel boundary cannot be detected behind calcium 
owing to acoustic shadowing- The IVUS contour 
analysis system, however, allows better interpolation 
of the vessel boundary behind calcium and thus may 
be more reliable than conventional manual tracing of 
a single cross-sectional IVUS image. Finally, be- 
cause there are differences in the velocities of ultra- 
sound in water and blood, the use of water instead 
of blood in our experimental setup may partly ac- 
count for an overestimation of the vascular dimen- 
sions by IVUS. 

Clinical implication*: The examination of the cor- 
onary arteries by IVUS allows the assessment or 
atherosclerotic changes 6 - 7 23 and the quantification 
of the progression or regression of atherosclero- 
sis 17 To determine the latter, anatomic landmarks 
such as side branches or spots of calcium can be 
used to define corresponding IVUS images in se- 
rial studies. Our automated approach using the spa- 
tial information of the IVUS images acquired dur- 
ing defined transducer pull-back facilitates this 
process and permits the volumetric assessment of 
lumen and/or plaque without need for laborious 
manual analyses.' 5 16 The proposed quantitative 
IVUS analysis system allows the reproducible 
and reliable identification of both the luminal and 
external vessel boundaries and may thus be used 
for the routine analysis of IVUS studies, although 
wedging of the IVUS catheter may slightly in- 
crease the variability of preintervention analyses. 
Cyclic artifacts can be avoided by electrocardio- 
graphic-gated image acquisition » 30 which is a 
prerequisite for on-line application of this analysis 
system, currently performed in our catheterization 
laboratory 



1 de Fcyicr PJ. Senuy* W Davies MJ. Richard** P. Uibeen J. Oliver Mf. 
Qa«iuive coronary angiography to measure proton ^ « 
coronary ataowlecow-- value, limitations, «n4 nripbcauons for clinical trials. 

2. Watem D. Lcspcr*** J. Craven TE. HwhooG. Gdlam ^^ v *"£^ 
lumtttioni of icrial coronary arteriography for the ailment of prop***^ 
ud regression cT cortWtfY attoxrowleiosi*. Imp**™** for clm,tml Uwd *" Ctr ' 

cuiarton 1993;87;lt-38~IM7 

a. F«*«« V. Badimoo L, B*dim<» JJ. Chcscbro JH. The palhogene^ of ccm- 
ooary ntery di*r»* and the acute conxuoy syndromes, H ■/ 

i^n % Umaos V. Di Mario C. Keane D, Gil Rj>rati F. de Fcylcr 
PJ. Scnuys PW- Mechtnism of higb-ipeed rotational atherectomy and »d- 



junctiYC balloon wopUsty revisited by q^tiubve cojon^ 

phy: edge detection voim videodensitometry. Am ****** J uu. w 

5 Stiol CM Sliel LSG, $chof«r J, Donath K, M»they DG. Impact of 
compewtofy calirgemtnt of atherosclerotic coronary .rterte^ on angio- 
graphic WS*«an«nt of coroa-ry artery disc«e. Circulation 

^^xTB^ch H. m Urfc Rocl**di 1, Bom N. Atrial -^^^ . 
determined by intravascular uUxww&d ,omguig: an m-vitro study. / Am lo« 

7*0^ Ctate£ Gorge a Koch U Hauilc Mcy^J- IntravascoUr 

ultrasound imaging in wigiographically normal coromwy vtcnes: a prospective 
uudy in vivo. Br Heart J 1994:7 1 : 572-578. 

B. Mmtz GS, PW J A, Pichard AD. Kent KM, $»Ucr LP. Popma JJ t Chu^g 
YC. BuchcxTA. Sokdowici LE, Leon MB. AlberO*clen«» in "f^J^ 
"nonnal- coronary *«ery refcrer** ^™^ Ia f^^ WlM5 ^ 

with clinical cordon*. 7 Am Cell Card* 199SOS: 479- 4<£ 
9. Haunn.nn D. U-ndkvist AJS. Friednch CJ. Mullen WU * tt fr*"?£ 
Yock PG. Inttwrt*«y uluasound imaging: miraobterver and interoo- 
jerver variability of mocphonwiric nwu foments. Am Hco* J 

ICL R«fnficW k! Losordo DW. Ramaswemy K. PastO« JO. LangevinRE, 
Razvi S Koiow**y 0D. liner JM- Threc-dimen$»onal reconstruction of 
human coronary »-d peripheral ancriw from im» B « recorded during two- 
dimensional intravascular ultrasound r.am-nation. 0'CM/a"«« 
I991;8*;193»-l956\ h 
1 1 Roelandt JRTC Di Mario C, PandUn NG. Wenguang Ll Kcane p. Sl-ger 
CI de Feyler PJ, Semiys PW. Tbrce-dimcr^iofud reconstrwDon of uiu*:oc<>- 
nary ullr«ouod imaget; Ralionak. *pptO*chc$. problems, and dureuorta. Ur- 

de Fevter PJ. Semiyt PW. QuanUfiwlion of ihe minimal lumurtl c«M-aecttonal 
^ iler Wrt mary ailing by two^^onal and thr^n^^al intr.- 
vaicular ullnwrtd venus edge dcteclkw and ^deodensitomelry. A« 7 G»/rf«l 

l^Jl S R^o^ir£«tlcn C. Prati F. Di M«rio C Ligthart J, Semiys PW, U»e- 
tulneft* of Thr«-dimensional rcconrtrvc^ f« interpretation and 
uilytis of bruacotoaary uIuwujk* during >uni deploymenL Am J 

Bh^Z^C Gil R. Ruygrok P. P«i F, Di Mario C va« der Oie«en 
WJ de Feyter PJ. Semjys PW. Optirniwd CTp-nsion of ihc Wallrtcnt compared 
to the Paimw*$ch*U stent: on-line obwrv*iot*s with two- and *n*-Amen- 
wmal intraco-onvy uluasound after wglosniphic guidance. Am Main J 

W^nBirleleii C. Di Mario C> Bot=w- E. Gusiienhoven EJ. viin 
der Putten N, Bon, N- Sl mi-automatic conioaf detection for volumetric 
quantifiealion of inm.c W ^^ry ultrawund. Ip; Computer* in Cardiology 
1994. Lot Alarmto*, C»lifomiai IEEE Computer Sociciy Press. 1994 .277- 
2g0 

16. von Birgelcn C. Di Mario C Li W. Schuurbier* JCH. Slager Cl.de 
Feyter PJ. Roclond; JRTC. $*"uys PW. Morpbomeinc analysu in three- 
dimen«oaal intrjcorox. a ry uUra*ound: an in-vitro and .n^.vo study u*iog 
a novel system for the contour detection of lumen and plaque. Am Heart 

^vTenUn C. Slag- O, Di Mario C, de Fcy^ PJ^y, PW Volo- 
r^ic i«,ac«onary ulln^undt * new m«im«m confototce a«n^ for tf« 
™miutive Msessmenl of ptogreRsion-regreMion of -iheiosclcrost»7 Attmw 
,<rb-n»tt 1996:1 18(aippl):Sl03-Sl 13. . t |m 

leT Hong MK, MinU G$. Popma JJ. Kent KM. Pichani AD Salter LF. Uon 
MB- Limitation* of angiography for analyzing con^ury atheroalcrosiK pro- 
rr«1$ion or regression. Ann fnitrn Mad 1994U2I ^-3*4- 
^Matar FA^lifitz GS, F^rb A. Doutk P. PWhard AD. Kern KM. 
Fopma JJ. Keller MB. Pinnow E, Menitt AJ. Lindwy 1 J t i ± m }^2Z 
co^bution of tissue removal » lumen improvement afusr directional coronary 

^O^t^vtty. Am J Cardiol 1994;7d^d7-650 

20. DuwaiUant GR, Mintz GS. Picbaid AD. Kent KM. S«l=r LF. Popma JJ. 
Wong SC. teem MB. Small stent ^ imimal hypc^jia 
restcnosU: a volumetric intravascuUr vltr»*ound analysis. J Am Coil Card** 

iTwteU* *- Ouasenhovoi EJ, StUnen T. van Strijcn M, v« ^Dricl E. 
van Bgmond PC, v*n SnyJen RJ. van Urk H 0>cnpanBoo of ' Dtt »^^"^ 
trasoXfindings after comnary balloon angioplaw evaluated m vitro w,* h^ 
tolo&y Am J Cardiol 1995:^6:661—666. M wt OA n „ ^ 

»S Mario C The SHK. Mad««tma S. van Suylen RJ. Wdton RA. Bom N, 
Scnvy, PW. OugterihoveTi EJ. Roelandt JRTC. Dctcrtion *** charactcnza^i 
of vascuUr lesions by intmvascwbx ultr»$ound: an in vitro stody conoiatefl wrtn 

hi*a\D&.JAmSocEc}u>cardi0gr 1995;5:135-146. 

23 BbSd JM, Altaun DG. Sutisticid mcthodj for nueAfling •grorment between 
two metnods of clinical tneaaurement Lancet 1986^307-310. 

24. Potkln NN. BanoTclli AU Gewert JM. Neville RF. AlmagorY. Roberts 
WC Leoo MB. Coronary aitcry Imaging wih intravascular tugn-nrqaency m» 
trasound. Cirewlo/io- 1990*1:1575-1585. .... 

25. Siegel RJ, Sw*n K, Edwards G. Fishbtin MC. Lunrtatioo* of pomonrm 
Bscttmcnt of boman coronary artery voe and luminal nanOwMig: differential 



1208 THE AMERICAN JOURNAL OF CARDIOLOGY* VOL 78 DECEMBER 1,1996 



effects of tinttc fixation and processing on vessels with different degtee* of 
«theci»c(erusu. J Am Cott Cnr&ol 1985:75:452-460. 

26. Mittr FA, Mintt OS, Vooek P. Fob A, Virmuu R. Saturniuo PJ , Popma 
JJ, Pichard AD, K*at KM, Sader LP, KeUcr M» Leon MB. Coro**** artery 
lumen votmiM measurement using thrce^dimetmgnal intravascular ultra- 
sound: validation of a now technique. Cothtt Cardiovasc Pittgti 1994:33: 
214-220. 

27. Soofca M, Zhang X, Skbes M. Deioug $, McKay CR. CoUim SM. Auto- 
mated aegnacnlct»n of coronary wall and pUqua fiom intravascular ultrasound 
image ifoufom. In: C&apulers in Ccididogy 1994. ben AI*m0O$: IEEE Com- 
puter Society Press. 1994:281 -284. 



28. Ge J, Erbel R. Zaxnoxano J. Koch U Kearney P. Gorge G. Gcrbcr T, Meyer 
I. Coronary artery remodeling in stfhcrosdcrodc disease: an intnvascubr «itr»- 
sonic study in vivo. Com AiUry Di* 1993;4^81 -986. 

29. Dhawale PJ, Wilton DL, Hodgson JM. Optimal data acquisition for 
volumetric intracoroaary ultrasound. Catktt Cardiovasc Piagn 
1994*32*288—299. 

30. Braining N, von SnynJcn C, JOi Mario C, Prati F, Li W. Den Hood W. 
Patijn M, d* Feyter PJ, Se-miyt pW, taoetaodx JRTC Dynamic tfarec-diiBCT- 
uonal reconstruction of ICUS mates based on an ECG-gated pull-back device. 
In: Computers in Cardiology 1995, Los Alaznitos, CA; IEEE Computer Society 
Prew, 1995:633-636. 



CORONARY ARTERV tXSEASE/3-0 INTRACORONARY ULTT2ASOUND VS HISTCAflORPHOAAETRY 1209 



